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of pitch accents and phrase-final intonation 
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Analyse gesprochener Sprache  
Allgemeine Sprachwissenschaft 
Christian-Albrechts-Universität zu Kiel 
www.linguistik.uni-kiel.de/Niebuhr_index.html 
 
The present pilot study revives an old approach to intonation and reintroduces 
it as a new experimental method: the successive drawing of perceived into-
nation contours. It has been shown that intonation drawings made by untrained 
native German listeners for sets of controlled stimulus utterances can yield 
valid and reliable results patterns. Additionally, intonation drawings are more 
straightforward than other reproduction methods and allow more detailed in-
sights into the perception of intonation than other meaning-based 2AFC tasks. 
Based on the results received for two classes of meaningful intonational units – 
(nuclear) pitch accents and phrase-final intonation movements – it is argued 
that the relationship between the production and perception of intonation is 
characterized by a multiparametric coding that goes far beyond F0 and 
additionally crosses the traditional segment-prosody divide. Since the acoustic 
complexity can be translated into simpler perceptual patterns, phonological 
models of intonation are formulated more successfully and consistently at the 
level of perception than at the level of acoustic F0.  
1  Introduction 
1.1 Pitch accents 
 
The phonology of the Kiel Intonation Model (KIM, Kohler 1991) distinguishes three 
rising-falling F0 peak contours, which are defined by their alignment (represented by 
the peak maximum) relative to the accented-vowel onset. The phonological distinction 
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is schematically illustrated in Figure 1. F0 peaks with a maximum before the accented-
vowel onset constitute the phonological category of the ‘early peak’ and characterize 
the accented information as ‘settled’. ‘Early peaks’ are often found at the conclusion of 
a topic, at the end of a discussion or in a context of giving up. In contrast, the category 
of the ‘medial peak’ is represented by F0 peaks that reach their maximum within the 
accented vowel. ‘Medial peaks’ mark the corresponding accented information as ‘new’ 
and/or ‘open for further discussion’. They occur preferably at the onset of a turn or at 
the start of a new line of argument. Finally, the ‘late peak’ category consists of F0 
peaks whose rises start after the accented-vowel onset and end after the accented-vowel 
offset. The ‘late’ category is employed by speakers to indicate that the accented 
information differs from their own expectation. Depending on the semantic-pragmatic 
context of the utterance, dialogue partners can interpret the utterance either positively 
as ‘surprise’ or negatively as ‘indignation’. 
 
 
Figure 1. Characteristic phonetic realizations of the three pitch-accent categories that 
were defined in the Kiel Intonation Model with reference to F0-peak alignment relative 
to the accented-vowel boundaries (Von = accented vowel onset). The alignment-based 
definition is reflected in the category labels ‘early’, ‘medial’ and ‘late’. 
 
     Niebuhr (2003, 2007a,b) presented perceptual evidence that crosses the 1:1 mapping 
of the KIM between peak alignment and phonological category. Niebuhr created four 
stimulus continua in which the F0 peak of a nuclear pitch accent is shifted step-by-step 
across the accented vowel. The four peak-alignment continua were identical, differing 
only in the shape of the shifted peak. Two peaks were symmetrical and had a blunt or 
pointed shape. The rising and falling F0 slopes of the blunt and pointed peaks were then 
used to create two additional, clearly asymmetrical, peak shapes. All four shapes and 
their key physical features are shown in Figure 2. Peak shape had a pronounced effect 
on when and how abruptly the perceptual transitions between the phonological 
categories in the alignment continua occurred. Most importantly, blunt (s/s) F0 peaks as 
well as sharply-rising and slowly-falling (f/s) peaks were already clearly identified as 
the ‘medial’ category prior to the peak maximum being located within the accented 
vowel. In contrast, slowly-rising, sharply-falling peaks (s/f) were still identified as the 
‘early’ category, even though the peak maximum occurred well after the vowel onset. 
The ‘late’ category was best identified with a pointed (f/f) peak, whereas the two 
slowly-rising peak shapes (s/f, s/s) were both completely unable to trigger ‘late’ pitch 
accents. More recently, Niebuhr et al. (2011a) demonstrated in a large cross-linguistic 
production study that speakers make use of this interplay between alignment and peak 
shape, for example, by focusing on only one of the two parameters (“aligners” vs. 
“shapers”). Despite these findings, I will continue to use the established KIM-labels of 
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the three pitch-accent categories ‘early’, medial’ and ‘late’, but detached from their 
original strict timing implications. 
 
Figure 2. F0-peak shapes applied to the alignment continua from ‘early’ to ‘medial’ 
and from ‘medial’ to ‘late’ in the perception experiments of Niebuhr (2003, 2007a,b). 
  
     In view of production and perception findings such as those outlined above, Barnes 
et al. (2010, 2011a) developed the Tonal-Center-of-Gravity (TCoG) approach. “That is, 
the alignment […] of the F0 targets pertaining to intonational events are construed not 
in terms of the location of any specific point or points within the F0 contour, but rather 
in terms of the overall disposition of the bulk or "mass" of the (upward or downwardly)  
displaced F0 region associated with the tone specification in question. TCoG derives 
what can be considered a perceptual reference location for an F0 event” (Barnes et al. 
2011a:4). A major problem with this approach, which translates phonologically 
inconvenient shape differences back into manageable alignment differences, is that it 
can only explain the perceptual effects of asymmetrical shape differences such as those 
between (s/f) and (f/s). Effects of different symmetrical peak shapes, such as the 
identification of the ‘late’ category with (f/f) peaks but not with (s/s) peaks, remain 
unaccounted for. 
     Moreover, the TCoG approach in its current form is entirely F0-based. However, it 
was already noted by Niebuhr (2007a) that pitch-accent identification may be based on 
more complex prosodic patterns that involve more than just F0. For example, in 
addition to the voice quality differences pointed out by Ernst Dombrowski (personal 
communication: ‘early’ pitch accents are associated with more tense and ‘late’ pitch 
accents with breathier vowels when compared to ‘medial’ pitch accents), Niebuhr 
observed that the pitch accents cause specific duration and intensity levels in the triplet 
of pre-accented, accented and post-accented syllables. As is displayed in Figure 3, 
‘early’ pitch accents boost the pre-accented syllable and suppress the post-accented 
syllable in terms of duration and intensity. The opposite is true for ‘late’ pitch accents. 
In the case of ‘medial’ pitch accents, duration and intensity increases are concentrated 
on the accented syllable alone, i.e. none of the adjacent syllables stand out significantly 
with regard to these parameters. 
     Niebuhr and Pfitzinger (2010) elaborated on these observations and ran a perception 
experiment with resynthesized stimulus utterances in which the three pitch-accent 
specific duration and intensity patterns were cross-combined with three typical F0-peak 
alignments of the ‘early’, ‘medial’ and ‘late’ pitch-accent categories (cf. Fig.1). 



















Figure 3. Oscillogram, spectrogram and F0 course of “eine Malerin”, produced with 
‘early’ (top, left),‘medial’ (top, right) and ‘late’ pitch accents (bottom) on “Ma-“. The 
intonation categories co-occur with specific duration and intensity patterns in and 
around the accented syllable. 
 
     Furthermore, the three duration and intensity patterns were also presented in 
combination with a completely flat F0 course that was only slightly declining from the 
onset to the offset of the stimuli. The results of Niebuhr and Pfitzinger show that the 
meanings of the pitch accents are identified better and more quickly when each of the 
three syllable duration and intensity patterns co-occurs with the typical F0-peak 
alignment of the ‘early’, ‘medial’ and ‘late’ category, as is shown in Figure 3. 
Moreover, the meanings of the three pitch-accent categories were also signaled (though 
less clearly) by those stimuli in which F0 was flattened so that the only remaining cues 
were the syllable duration and intensity patterns (care was taken beforehand that there 
were no voice-quality differences). It is this pitch-accent identification in the absence of 
F0-peaks that lends particularly strong support to the notion of pitch-accents as 
multiparametric events. 
 
1.2 Phrase-final movements 
 
Contrary to conventional wisdom, phrase-final intonation rises and falls are not used in 
German to distinguish questions and statements. Rather, as is the case with pitch 
accents, this phrase-final intonation difference is related to an attitudinal difference in 
meaning. Phrase-final rises subordinate the speaker to the listener and function in this 
way as continuation signals in statements (‘please let me continue’), or, in the case of 
questions, as an invitation to the dialogue partner to shape the further discourse (‘please 
go on as you like’). Final falls convey the opposite attitudes. For example, questions 
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with a final fall indicate that the dialogue partner needs only give a short answer that 
meets the questioner’s expectation. So, it is not only W-questions and yes-no questions, 
but also morphosyntactically unmarked ‘intonation questions’ that can occur with final 
rising and falling intonations (cf. Kohler 2004; Kügler 2004; Niebuhr et al. 2010; 
Petrone and Niebuhr 2009; Niebuhr 2011). 
     In investigating the intonation patterns of German questions and statements, Grabe 
(1998) found that final falls are truncated by voiceless sound segments at the end of the 
phrases, whereas final rises are compressed and hence fully realized before the 
voiceless segments begin. She compares this movement-specific truncation and com-
pression behavior in German to that of other languages like English and Swedish (cf. 
Erikson and Alstermark 1972; Bannert and Bredvad-Jensen 1975, 1997). Grabe’s con-
cept of truncation vs. compression rekindled the debate about the coding, dis-
ambiguation and perceptual restoration of meaningful categories of phrase-final into-
nations, particularly for German (Peters 1999; Kügler 2003; Ohl and Pfitzinger 2009).  
     In view of this debate, Niebuhr (2008, 2009) examined the phonetic realizations of 
the voiceless consonants at the ends of phrase-final rises and falls in German in more 
detail. In these comparative acoustic analyses he found that the noise qualities for 
fricatives and for the post-aspirations of plosives differ significantly between the two 
intonation contexts. More specifically, the spectral energy distributions of the noises – 
and the pitch impressions they evoke – vary in parallel with the adjacent F0 levels. This 
quite robust link between the spectral noise frequencies and the F0 context is clearly 
illustrated in Figure 4. The main noise energy is located at higher frequencies after rises 
and at lower frequencies after falls. In the latter context, the main noise energy even 
decreases to various extents across the aspirations and fricatives, so that the intonation 
movement that starts with F0 is continued in the voiceless sound not only in terms of 
the frequency level, but also in terms of the direction of the frequency change. It is 
obvious to ask under these circumstances, whether truncations of phrase-final falling 
intonations in German really exist, or whether the supposedly truncated part of the fall 
is only shifted into the subsequent noise. In terms of perceived pitch, the phrase-final 
fall may be intact independently of the segmental material at the end of the phrase. If 
this is true, and there is initial supporting evidence from the perception experiment of 
Kohler (2011) for truncated falls followed by /s/, then the reason for the failure of the 
truncation concept is similar to those of the KIM phonology and the TCoG approach 
above: Intonation is regarded as a one-dimensional phenomenon that can be described 
and conceptualized on the basis of acoustic F0 alone. 
     In a recent production study based on the KIESEL dialogues (“Kieler Sammlung 
Expressiver Lesesprache”, http://www.speechandemotion.de/ressources.htm), Niebuhr 
et al. (2011b) found that the notion of “segmental intonations”, i.e. that the spectral 
energy distributions of sound segments and their resulting pitch impressions are in 
accord with the F0 context, holds beyond the phrase-final position and is also applic-
able to utterance-medial fricatives in contexts of high and low nuclear pitch accents. In 
view of this growing evidence, one must wonder whether “segmental intonations” are 
at least a part of the explanation why intonation is experienced as being “subjectively 
continuous” (Jones 1909:275), even though the acoustic F0 course is so frequently 
interrupted by voiceless segments. 
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Figure 4. DFT Spectra calculated in the middle of fricatives and post-aspirations. In 
the left column the noise sounds were preceded by a phrase-final F0 rise. In the right 
column the noise sounds were preceded by a (partly truncated) phrase-final F0 fall. 
The main spectral energy in the pairs of noise sounds and hence the pitch impressions 
they create in listeners vary in parallel with (the target of) the F0 movement. 
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1.3 Research aims and questions 
 
The lines of research summarized above demonstrate that many new insights into 
intonation have been gained over the last years. However, they also quite plainly show 
that we still know rather little about the relationship between the production and the 
perception of intonation, particularly with respect to its major meaningful elements, i.e. 
pitch accents and phrase-final rises and falls. In order to try and understand the 
relationship between the production and the perception of intonation, early studies were 
primarily concerned with the translation of F0 into perceived pitch. These revealed a 
number of mechanisms that limit and/or simplify this translation, such as, for example, 
just noticeable differences (cf. ‘t Hart et al. 1990), integration times (cf. Hermes 1997) 
and segmental effects on the coding of F0 information as either tonal movements or 
monotonous events (cf. House 1990, 1996). Although general psychoacoustic 
mechanisms like these are surely involved in the perception of intonation, there can also 
be no doubt that they are not the whole story. Intonation is not just a psychoacoustic 
phenomenon like pitch. Rather, intonation consists of coded meanings, and hence the 
production and the perception of intonation are guided by the characteristic features of 
the speech code, i.e. multiparametric, redundant encoding schemes with trade-off 
relationships between the individual parameters, temporal reorganizations, speech 
reduction and perceptual restorations, effects of top-down expectations and linguistic 
knowledge, etc. (Note in this context that, although intonation is, at least at the 
acoustic-phonetic level, not solely F0 but a multiparametric phenomenon that even 
crosses the traditional segment-prosody divide, I will continue using the popular term 
‘intonation’ in this paper but with emphasis on the perception and meaning sides of the 
phenomenon). 
     Although the links between F0 patterns on the one hand and meaningful accentual 
and phrase-final intonation patterns on the other are obviously weaker and yet more 
complex than is typically assumed, scrutinizing and revising these links is a challenge, 
since it requires measuring how the intonation contours are perceived by the listeners 
for the respective stimulus set. So far, research in this direction has used indirect 
methods like comparisons between a set of test stimuli and a reference stimulus with 
respect to either perceptual measures (cf. ‘t Hart et al. 1990; Barnes et al. 2011a) or 
intonational meanings (cf. Kohler 1991; Niebuhr 2003, 2007a,b). Other experiments 
with the semantic-differential paradigm (cf. Dombrowski 2003, Kohler 2005) are 
suitable for outlining intonational meanings though they do not allow for any 
conclusions to be drawn about intonational forms. In contrast, the imitation paradigm 
(also referred to as ‘shadowing’, cf. Pierrehumbert and Steele 1989; Redi 2003; 
Pastuszek-Lipińska 2008; Michelas and Nguyen 2011) can be specifically targeted at 
intonational forms, but, if differences between the presented and the reproduced forms 
are found, it is difficult to separate the actual perceptual effects from mere reproduction 
effects that result from limited speaker competences. 
     The main aim of the present pilot study is to introduce and discuss an alternative 
experimental method against the outlined empirical background: drawing intonation 
contours. The basic concept is similar to the imitation paradigm. However, it seems 
possible that the way from perception to reproduction is more specific, concrete and 
controllable from the ear to the hand and from there to a visual template of the stimulus 
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than from the ear to the mouth. With the latter, subjects’ responses cannot be made with 
reference to a visual template or to any other kind of structural support. Moreover, 
while imitating the stimuli orally, the subjects must pay attention to the relevant 
intonational and the irrelevant segmental patterns, and maybe also to prosodies in 
general, including voice quality and speaking rate. Compared with this task, drawing 
intonation contours reduces the amount of information that is to be processed at the 
levels of perception and reproduction. In consequence, drawing intonation contours 
should be clearly less demanding, in this way leaving more cognitive resources to 
detect and to reproduce intonational details. Last but not least, it must not be forgotten 
that drawing intonation has a long and successful tradition in the phonetic research of 
the British School, which is very impressively documented in the comprehensive cross-
linguistic collection of “intonation curves” drawn by Jones (1909) “with a reasonably 
high degree of accuracy” (Collins and Mees 1999:63) on the basis of gramophone 
recordings. Correspondingly, for Fox (1984:13) there is no doubt that “with a little 
practice, even without particular musical gifts, it is possible for most people to hear the 
pitch pattern of utterances and to write it down”. 
 
Based on this drawing approach, the present pilot study additionally aims at 
investigating the relationships between F0 patterns, more global prosodic patterns and 
the perceived intonation contours with regard to the following questions: 
• (1): By using the imitation paradigm, a number of previous studies found that 
the two F0-peak alignment continua from ‘early’ to ‘medial’ as well as from 
‘medial’ to ‘late’ pitch accent are projected onto perceptual categories in the 
sense of categorical speech perception (cf. Niebuhr and Kohler 2004). That is, 
provided that the F0 peak has a pointed shape and the intensity transitions to 
both sides of the accented vowel are steep (cf. Niebuhr 2007c), each 
alignment continuum yields two perceptually stable regions with an abrupt 
perceptual change in between. Can this effect be reproduced by means of 
intonational drawings? If so, this replication would support the validity and 
the sensitivity of intonational drawings. 
• (2a): Applying the four different F0-peak shapes of Figure 2 to the two 
alignment continua from ‘early’ to ‘medial’ and from ‘medial’ to ‘late’, are 
there shape effects on perceived alignment that cannot be explained by the 
TCoG approach? For example, compared with the fast rising peaks (f/s) and 
(f/f), is a slowly rising-falling F0 peak (s/s) perceived to be aligned more in 
the middle of the vowel? 
• (2b): Building on (2a), do the duration and intensity patterns that the three 
pitch-accent categories create in the triplet of pre-accented, accented and 
post-accented syllables (cf. Fig.3) affect the perceived alignment and/or the 
perceived shape of the pitch-accent peak? Or is the link between syllable 
duration/intensity patterns and pitch-accent identification a direct one, 
without any detour through pitch perception? 
• (2c): Building on (2b), what will the listeners draw when the stimuli are 
devoiced (i.e. turned into whispered speech with a constant noise source) so 
that the only remaining cues to pitch-accent identity are the syllable duration 
and intensity patterns? 
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• (3a): Based on naturally produced stimuli, how is the perception of phrase-
final movements affected by “segmental intonations” of friction sounds that 
frame the intonational nucleus? In particular, are finally falling intonations 
perceived to be truncated when the direction and the low target of the F0 
movement are both reflected in the phrase-final fricative? 
• (3b): Building on (3a), are listeners able to recover the direction of the phrase-
final intonation movement, when the stimuli of (3a) are heard devoiced (cf. 
2c)? Under these circumstances, possible distinctions between final rises and 
falls must rely on the remaining pitch information, i.e. on the “segmental into-
nations” of the two fricatives that frame the (devoiced) intonational nucleus. 
      
      The questions (1), (2a-c) and (3a-b) are addressed in three separate perception 
experiments, whose stimuli and results are described in the following sections. 
2  Experiment 1: Drawing F0-peak alignment continua 
 
2.1 Method of Experiment 1 
 
The stimuli of the first experiment are those with the stylized pointed (f/f) F0 peaks that 
were used in the perception experiments of Niebuhr (2003, 2007a,b, cf. Fig.2). The F0 
slopes of the peak rose and fell over 120 ms and covered a frequency range of 45 Hz or 
6.5 semitones. The peaks were embedded in a moderate linear F0 declination that 
spanned the utterance and ended at a terminal level of 80 Hz.  
     Niebuhr employed the PSOLA-Resynthesis in PRAAT (cf. Boersma 2001) in order 
to create two F0-peak alignment continua across the initial syllable “Ma-“ of the word 
“Malerin” (‘female painter’), which bore the nuclear pitch accent. In the first alignment 
continuum from ‘early’ to ‘medial’ category the pointed F0 peak was shifted in 11 
equally-sized steps of 20 ms from a position within the nasal /m/ (100 ms before the 
accented-vowel onset), to a position close to the vowel centre (100 ms after the 
accented-vowel onset). Each alignment step corresponded to a stimulus. The second 
alignment continuum from ‘medial’ to ‘late’ used the same alignment grid (i.e. 11 steps 
of 20 ms), but this time leading from the centre of the accented vowel through the 
subsequent lateral consonant /l/ to the onset of the vowel of the post-accented syllable. 
Hence, the present Experiment 1 included a total of 11+11= 22 stimuli. In the first 
alignment continuum the target word “Malerin” was embedded in the carrier sentence 
“Sie war mal Malerin” ([zi  mal ma
ln] ‘She was a painter’). The second 
alignment continuum was based on the carrier sentence “Sie’s mal Malerin gewesen” 
([zis mal ma
l e
zn] ‘She was a painter’). In both carrier sentences “Ma-“ was 
the only accented syllable. The sentences were produced by the male speaker BP. 
Figure 5 provides an overview of the 22 stimuli. 
     The perception experiment was performed using 19 native speakers of German (7 
male, 12 female). They were all between 20 and 35 years old and bachelor students of 
Empirical Linguistics in the Department of General Linguistics of the University of 
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Kiel. None of them reported to be suffering from any hearing disorders. The 19 subjects 
were instructed that they were to draw the intonation contours they perceived in each of 
the 22 presented test utterances as precisely as possible on the prepared answer sheets. 
To this end, they were allowed to listen to the test utterances as often as necessary. The 
subjects were also informed that they were not obliged to draw the intonation contours 
at once. If they deemed it easier to do so, they could draw the intonation contours 
successively. However, the stimuli could only be played as a whole. 
     The answer sheets showed the stimulus utterances one below the other in ortho-
graphic transcription, split up into the individual syllables. Inspired by the intonational 
drawings of the British School (cf. Jones 1909; Armstrong and Ward 1967), two 
auxiliary lines were provided above each orthographic transcription. These two paral-
lel horizontal lines, which were about 80 mm long, defined the intonational space. That 
is to say, the subjects were told that these lines represented the lowest and the highest 
pitch levels of the speaker. Additionally, the syllabic boundaries were indicated in the 
intonational space by vertical lines that started at the upper limitation of the intonation 
space and reached down into the orthographic representation. The two vertical lines that 
delimited the accented syllable “Ma-“ were about 15 mm apart. 
 
 
Figure 5. The 22 stimuli of Experiment 1, resulting from two F0-peak alignment 
continua across the onset (left) and the offset (right) of the accented vowel and/or 
syllable (in steps of 20 ms), i.e. from ‘early’ to ‘medial’ and from ‘medial’ to ‘late’. 
 
    The 22 stimulus utterances were presented in overall randomized orders that differed 
between the subjects. Prior to the 22 randomized stimuli the subjects received a 
separate answer sheet and 12 naturally produced short utterances from the ‘Kiel Corpus 
of Read Speech’ (IPDS 1994), in order to practise drawing intonation contours. The 
training session took about 20 minutes. The actual experiment, including the orally 
given instruction, was about 30-45 minutes long. The subjects played the training and 
test utterances from individual desktop computers, and they heard the utterances over 
headphones with a pre-adjusted, constant loudness. 
     The answer sheets were analyzed with regard to the alignments of the drawn peak 
maxima. For the stimuli of the continuum from ‘early’ to ‘medial’, the alignment was 
measured (in millimeters, mm) relative to the accented-syllable onset. For the stimuli of 
the continuum from ‘medial’ to ‘late’, the accented-syllable offset served as point of 
reference for the alignment measurements. All measurements were taken manually with 
a ruler. This analysis required that all drawings that did not show a rising-falling 
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intonation peak were excluded. In addition to the analyzed intonation drawings, how 
often the subjects listened to the individual stimuli was also recorded and analyzed. 
 
2.2 Results of Experiment 1 
 
Since each of the 19 subjects made 22 drawings, a total of 418 intonation contours were 
to be analyzed. However, about 12% (i.e. 51) of the intonation contours did not contain 
a clear rising-falling pitch peak. These consisted instead of 3 drawings that were 
ambiguous and showed several contours superimposed on each other (possibly due to 
corrections), 47 drawings that showed a single fall starting from a preceding high 
plateau, and 1 contour was drawn completely flat. This 12% were excluded from the 
results. The excluded drawings do not reflect that a few subjects were unable to fulfill 
the task. Rather, the 12% were roughly equally distributed across all subjects. The 
alignments of the remaining 367 drawn intonation peaks are shown in Figures 6(a)-(b) 
in terms of mean distances relative to the accented-syllable onsets or offsets. 
     
 
 
Figure 6. Means (black) and standard deviations (gray) for the locations of the 
intonation peaks drawn on the basis of the 11 stimuli of each F0-peak alignment 
continuum. For the continuum from ‘early’ to ‘medial’ (a) the drawn peak locations are 
shown as distances (mm) relative to the accented-syllable onset (= 0 mm). In the 
continuum from ‘medial’ to ‘late’, the drawn peak difference are represented as 
distances (mm) relative to the accented-syllable offset (= 0 mm). Each data point 
summarizes between 13 and 19 measurements. 
 
     For all 19 listeners the drawn peak alignments changed across the stimulus 
continuum from ‘early’ to ‘medial’. As can be seen in Figure 6(a), the peak maxima of 
stimuli 1-5 were drawn close to (mostly right before) the onset of the accented syllable. 
The distance between the drawn peak maximum and the accented-syllable onset 
increases slightly for stimuli 6-7. However, the main differences between stimuli 1-5 
and 6-7 lie in the standard deviations. These deviations are much larger for stimuli 6-7 
indicating that the listeners were less certain where to draw the peak maximum. For 
stimuli 8-11 the peak maxima were again drawn quite consistently at about the middle 
of the accented syllable, i.e. on average 7.85 mm away from the vertical line on the 
answer sheet that marked the accented-syllable onset.  
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     The descriptions of Figure 6(a) are backed up by a series of t tests that compared the 
alignment differences between the visually determined stimulus groups 1-5, 6-7 and 8-
11. The drawn peak alignments of stimuli 1-5 and 6-7 do not differ significantly re-
lative to the reference line of the accented-syllable onset. However, according to a 
separate F test, the peak alignments drawn for stimuli 6-7 are characterized by a signi-
ficantly greater variance than the alignments yielded by stimuli 1-5 (F[82,33]= 0.312; 
p<0.001). The two stimulus groups 6-7 and 8-11 also differ significantly in terms of 
peak-alignment variance (F[33,80]= 0.302; p<0.001). Moreover, unlike stimuli 1-5 and 
6-7, the two stimulus groups 6-7 and 8-11 also show a clear significant difference in 
drawn peak alignment relative to the plotted accented-syllable onset (t[39]= 5.385, 
p<0.001, two-tailed, based on a t test with df adjustment for heterogeneous variances). 
     For the alignment continuum from the ‘medial’ to the ‘late’ pitch-accent category 
the overall picture is even clearer. The stimuli 1-6 yielded drawings in which the 
intonation peak maxima were, on average, located in the middle of the accented 
syllable, i.e. about 7 mm before the accented-syllable offset. In contrast, for stimuli 7-
11 the peak maximum was almost exclusively drawn in the subsequent syllable “-le-“ 
of “Malerin”, i.e. between 6.3-11.7 mm (average 9.1 mm) after the accented-syllable 
offset. Following this clear response pattern, only one t test was performed for the 
‘medial’-to-‘late’ continuum that compared the drawn alignment differences between 
stimulus groups 1-6 and 7-11 relative to the accented-syllable offset. Not surprisingly, 
the peak alignments drawn for stimuli 1-6 and 7-11 are significantly different (t[167]= -
12.398, p<0.001, two-tailed). A preceding F test showed that the alignment variances of 




Figure 7. Means (black) and standard deviations (gray) for the number of stimulus 
repetitions needed by the subjects in order to draw the intonation peaks of the stimuli in 
the alignment continua from ‘early’ to ‘medial’ (a) and from ‘medial’ to ‘late’ (b). 
Each data point represents between 13 and 19 measurements. 
 
     In addition to the results of the alignment distances, Figures 7(a)-(b) show, how 
often the respective stimuli were played before their intonation peak contours were 
drawn (the 12% consisting of ambiguous or non-peak drawings were again excluded 
from this frequency analysis). It is obvious from both Figure 7(a) and 7(b) that the 
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mean values of the stimulus repetitions are not equally distributed across the two sets of 
11 stimuli. Rather, each of the two distributions has a clear maximum of more than 4 
repetitions that concern stimuli 6-7. So, compared with the baseline repetition rate, 
which was on average between 1.3 and 1.6, the subjects had to listen about three times 
more often to the centre stimuli 6-7 in order to draw their intonation contours. It must 
be noted that these repetition maxima, which reflect a strong uncertainty, coincide with 
those sections of the two alignment continua in which the drawings show the change in 
peak alignment. 
     The two series of t and F tests performed on the basis of Figures 7(a) and 7(b) 
produced very similar statistics. Stimuli 6-7 were played significantly more often than 
stimuli 1-5 and 8-11 (a, 1-5 vs. 6-7: t[41]= -4.471, p<0.001; a, 6-7 vs. 8-11: t[39]= 
6.108, p<0.001; b, 1-5 vs. 6-7: t[40]= -4.932, p<0.001; b, 6-7 vs. 8-11: t[39]= 5.886, 
p<0.001; two-tailed). How often the stimuli were played also varied significantly 
stronger across the subjects for stimuli 6-7 than for the two adjacent stimulus groups (a, 
1-5 vs. 6-7: F[82,33]= 0.519, p<0.01;  a, 6-7 vs. 8-11: F[33,80]= 0.530, p<0.01; b, 1-5 
vs. 6-7: F[79,28]= 0.475, p<0.001;  a, 6-7 vs. 8-11: F[28,59]= 0.399, p<0.001; the df 
values of the corresponding t tests were corrected for these heterogeneous variances). 
 
2.3 Discussion of Experiment 1 
 
The results of Experiment 1 demonstrate that drawing intonation contours can yield 
clear and consistent response patterns. The low number of excluded drawings and the 
fact that the subjects needed only to listen to the majority of stimuli about 1.5 times 
before they were able to draw their intonation contours support the claim that the 
drawing task was a feasible one. 
     The drawings of the two stimulus continua show a bipartition. That is to say, the 
stimulus groups 1-5 and 8-11 in each continuum were drawn with clearly differently 
aligned intonation peaks that fell (almost exclusively) onto opposite sides of the 
accented-syllable boundaries.  
     The alignments of stimuli 6-7 from the middle of the two stimulus continua were 
drawn less consistently, and subjects needed more stimulus repetitions in order to draw 
the intonation contours. The low consistency together with the high number of required 
stimulus repetitions indicate that the intonation peaks of stimuli 6-7 were less tangible 
for the subjects than those of the surrounding stimuli. Since the surrounding stimuli 
yielded consistent drawings after only 1-2 stimulus repetitions, it is highly unlikely that 
the problems with stimuli 6-7 are due to a reproduction problem. It is much more likely 
that stimuli 6-7 were more difficult to make sense of in terms of decoding cues and/or 
intonational meanings. That is, the subjects’ problem with stimuli 6-7 was one of 
phonological categorization. This conclusion entails that the groupings of stimuli 1-5 
and 8-11 along the drawn intonation peak alignments reflect the existence of two 
phonological pitch-accent categories in each of the stimulus continua, i.e. ‘early’ vs. 
‘medial’ in the first continuum (cf. Fig. 5 and 6a) and ‘medial’ vs. ‘late’ in the second 
continuum (cf. Fig. 5 and 6b). The alignment shift from ‘early’ to ‘medial’ in the 
intonation peak drawings occurred when the F0 peak maximum in the stimuli was 
located more than 40 ms after the accented-vowel onset. For the peak drawings of the 
continuum from ‘medial’ to ‘late’, the alignment changed when the F0 maximum left 
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and the rise onset entered the accented vowel. These co-occurrences of response chang-
es and vowel-boundary crossings of F0 turning points agree with previous findings and 
point to the crucial role of the accented vowel in the signalling and distinction of pitch-
accent categories. 
     It should also be noted in this context that the intonation peaks drawn for the 
‘medial’ pitch accents of both stimulus continua correspond very well to the physical 
alignments of the F0 peaks. The ‘early’ intonation peaks were mostly drawn with the 
maximum too much to the left when compared with the underlying F0 peaks. The 
drawings of the ‘late’ intonation peaks showed in many cases an alignment bias to the 
right compared with the actual F0 peak positions. It remains an open question as to 
whether these exaggerations are due to something like a perceptual dissimilation mech-
anism for peak alignment or whether the exaggerations are merely experimental arte-
facts insofar as the peak drawings were induced by the given vertical reference lines 
that represented the accented-syllable onsets and offsets. That aside and in view of the 
above discussion, it cannot be doubted that the intonation contours yielded by the draw-
ing task are closely related to the perceptual reality in the listeners’ heads. 
     In connection with the assessment of the drawing task, it is even more crucial to note 
that the results of this task are in fact very similar to those yielded by previous studies 
on the basis of the well-established indirect-identification task, for which the link 
between judgment differences and phonological contrasts is much more obvious than 
that of the drawing task. The indirect-identification task pairs the stimuli of the peak-
alignment continua with a constant context utterance. This context utterance serves to 
create a semantic-pragmatic frame that is only compatible with the intonational mean-
ing of one of the pitch accents contained in the stimulus continuum. In this way, 
matching/not-matching judgments allow immediate conclusions about phonological ca-
tegories and their acoustic cues and boundaries (cf. Niebuhr and Kohler 2004; Niebuhr 
2007a,b,c).  
      












Figure 8. Results received for the 22 stimuli by means of the indirect-identification task 
in the perception experiment of Niebuhr (2007c). Black: percentages of matching/not 
matching judgments, translated into ‘medial’ (a) or ‘late’ (b) pitch-accent iden-
tifications. Gray: Reaction time (RT) increases in % relative to the shortest reaction 
time in the respective stimulus continuum. Each data point represents 120 responses. 
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     Figures 8(a)-(b) display the results that were received for the two stimulus continua 
of the present experiment by means of the indirect-identification task in the study of 
Niebuhr (2007c). The black curve shows the percentages of matching (a) or not- 
matching (b) judgments. They correspond to indirect identifications of the ‘medial’ (a) 
or the ‘late’ (b) pitch-accent category, respectively. The gray curve shows the mean 
reaction times received for the individual stimuli relative to the shortest reaction time. 
     Just as in Figures 7(a)-(b), Figures 8(a)-(b) show clear bipartitions of the two 
stimulus continua; and even the groupings of the stimuli along this bipartition are the 
same as in Figures 7(a)-(b). For the continuum from ‘medial’ to ‘late’, the drawing task 
yielded an even clearer bipartition, i.e. a clearer alignment-based separation of the two 
pitch-accent categories than the indirect-identification test. Moreover, the reaction time 
peaks in Figures 8(a)-(b), which point to a higher degree of uncertainty in the matching/ 
not-matching judgments, fall into the same sections (i.e. stimuli 6-7) of the two 
alignment continua as the repetition-rate peaks of Figures 6(a)-(b). 
     Figures 9(a)-(b) show the results of a previous experiment on English intonation, in 
which F0-peak alignment continua were to be reproduced by means of an oral imitation 
task (Redi 2003; cf. also Pierrehumbert and Steele 1989 for a similar experiment). The 
continuum that underlies Figure 9(a) spanned the English equivalents of the German 
pitch-accent categories ‘early’ and ‘medial’. The continuum that underlies Figure 9(b) 
addressed the English counterpart of the German ‘medial’ vs. ‘late’ contrast. There are 
close form-meaning correspondences between the three pitch-accent categories of the 
two languages (cf. Kleber 2006). Figures 9(a)-(b) show that spoken reproductions of 
F0-peak alignment continua can also result in bipartite response patterns. However, the 
bipartite response patterns yielded by the drawn reproductions in the present exper-
iment are even sharper and more consistent across subjects (cf. the standard deviations 
of the drawn peak alignments with the spoken peak-alignment distributions reflected in 




Figure 9. Results of the imitation task in the experiment of Redi (2003). Shown are 
normalized peak alignments for the stimuli (x axis) and the subjects’ reproductions (y 
axis). The imitation experiment included two stimulus continua that aimed at the ‘early’ 
vs. ‘medial’ (a) and ‘medial’ vs. ‘late’ pitch-accent contrasts in English. Each vertical 
distribution in (a) and (b) corresponds to one of the 15+21=39 stimuli. 
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     Overall, it can be concluded from Experiment 1 that in terms of feasibility, validity 
and phonological implications, the drawing task is not worse than the well-established 
indirect identification and imitation tasks. For the second stimulus continuum, the 
drawing task proved itself superior to the other tasks in working out the pitch-accent 
categories. Against this backdrop, the very clear bipartitions yielded by the drawing 
task once again provide  more support to ‘early’, ‘medial’ and ‘late’ being in fact three 
different pitch-accent categories in German intonation. There is also no reason to doubt 
that the ‘medial’ vs. ‘late’ contrast is phonologically on a par with the ‘early’ vs. 
‘medial’ contrast. In the present study, the behavioral change was still sharper across 
the stimulus continuum from ‘medial’ to ‘late’ than across the stimulus continuum from 
‘early to ‘medial’. In a number of studies, only the continuum from ‘early to ‘medial’ 
was found to create a categorical perceptual distinction in the strict sense (cf. Kohler 
1987), which is why ‘early’ vs. ‘medial’ is sometimes viewed as the only linguistic and 
hence phonologically relevant contrast, whereas ‘medial’ and ‘late’ are merely regarded 
as end points on a gradual paralinguistic scale. In line with previous perceptual 
evidence of Niebuhr (2007c), the drawings of Experiment 1 show that the question of 
the phonological status should not be decided on the basis the abruptness of the 
perceptual change. When the F0 slopes of the peak and the intensity changes at the 
vowel boundaries are steep enough (and great care was taken that this be the case in the 
stimulus continua of Experiment 1, cf. 2.1), then the boundaries between all pitch-
accent categories can become categorical, including that between ‘medial’ and ‘late’. 
Conversely, when the F0 and intensity movements are less steep, even the ‘early’ vs. 
‘medial’ contrast can yield a gradually changing response pattern. Therefore the de-
cisions whether a phonetic difference can or cannot count as phonological would be 
better made with reference to clear meaning and consistent response differences per se, 
rather than with reference to the quality of transitions between the meanings and/or 
responses (cf. Niebuhr and Kohler 2004). 
     As regards the nature of the ‘early’ vs. ‘medial’ vs. ‘late’ contrasts, the drawing 
results support previous claims according to which peak-maximum alignment is an 
important feature in the representation and the cognitive processing of the three pitch-
accent categories. However, are shape differences an independent feature or can all 
shape differences simply be translated into perceived alignment differences? And do 
syllable duration and intensity patterns make a separate, direct contribution to pitch-
accent identification or is their contribution to be explained via indirect effects on pitch 
perception? Experiment 2 uses the drawing task to shed further light on these phono-
logical details. 
3  Experiment 2: Implementation of shape, duration and intensity 
 
3.1 Method of Experiment 2 
 
The second experiment was based on a set of 25 stimuli that belong to three different 
subsets. The first subset was created by cross-combining the four different stylized F0-
peak shapes shown in Figure 2 with the three characteristic F0-peak alignments of the 
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‘early’, ‘medial’ and ‘late’ pitch accents that are depicted in Figure 3 (and schematic-
ally illustrated in Figure 1). The cross-combination resulted in 12 stimuli that were 
generated by means of the PSOLA resyntheses in PRAAT.  
     The short utterance “einen Warnhinweis” ([ann 
nnas] ‘a warning no-
tice’) served as basis for the stimuli. It was produced naturally with continuous voicing 
(except for the final /s/) by the trained speaker ON. The utterance had a clear lexical-
stress pattern but no pitch accent. Instead, F0 was held approximately constant at a 
medium level of 120 Hz. This neutral production was to avoid any biases of pitch-
accent specific cues on the stimuli.  
     In generating the stimuli, the original flat F0 was replaced by each of the 12 
combinations of peak alignment and shape. The F0 peaks were stylized at three contour 
points, i.e. rise onset (105 Hz), maximum (145 Hz) and rise offset (95 Hz). The accent 
peak was superimposed on a moderate linear F0 declination across the utterance. The 
declination started at 115 Hz and ended at a terminal level of 80 Hz (cf. Fig.3). The 12 
different pitch-accent peaks were associated with the stressed syllable “Warn-“, which 
hence became the nuclear (and only) accent in the stimuli. Correspondingly, the differ-
ently shaped F0 peaks were aligned relative to the boundaries of [
], which were 
determined by means of a DFT spectrogram in PRAAT. 
     The second stimulus subset was derived from three of those stimuli that were used in 
the experiment of Niebuhr and Pfitzinger (2010). The relevant “Eine Malerin” stimuli 
are illustrated in Figure 3. As can be seen in this Figure, the three pitch-accent F0 peaks 
with characteristic ‘early’, ‘medial’ and ‘late’ alignments (40 ms before vowel onset, 
200 ms after vowel onset and 120 ms after vowel offset) co-occurred with three pitch-
accent specific duration and intensity levels in the triplet of pre-accented, accented, and 
post-accented syllables. For the purpose of Experiment 2, these combinations in the 
natural productions of ‘early’, ‘medial’ and ‘late’ were disassembled. That is, each of 
the three stylized F0 peak patterns shown in Figure 3 was resynthesized in each of the 
three productions of “eine Malerin”. In this way, the different syllable duration and 
intensity patterns were cross-combined with the differently aligned F0 peaks (that also 
showed marginal shape differences). In order to create comparable alignment differ-
ences across all three utterances, the F0 peaks were given the same proportional align-
ments relative to the accented-vowel boundaries in all three utterances. Rise and fall 
durations as well as the frequency values of all F0 contour points were also kept 
constant. The cross-combination, which was done in PRAAT, resulted in a total of 9 
stimuli for the second subset. 
     The third stimulus subset included four stimuli. These stimuli consisted of the three 
naturally produced utterances ”eine Malerin” of the second subset (with the stylized F0 
peak contours) shown in Figure 3 as well as the utterance “einen Warnhinweis” 
produced naturally as a basis for the first subset with an approximately flat F0. 
However, in the third subset the 3+1 utterances were devoiced. That is to say, source 
and filter were separated (or rather the filter function was calculated for each utterance 
on a LPC basis), and then the F0 source signal was replaced by a noise excitation, 
which was recombined with the filter functions of each of the four utterances. The noise 
was constant in terms of its spectral energy distribution but the overall energy increased 
and decreased in the same way as in the replaced F0 signal so that the original intensity 
profiles of the stimuli were preserved. The devoiced utterances sounded akin to whis-
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pered speech. The devoicing allowed investigation into whether the three different 
pitch-accent specific duration and intensity patterns of the “eine Malerin” utterances 
can lead to sensible and even to different intonation drawings in the absence of F0. 
Against this backdrop, the devoiced utterance “einen Warnhinweis” served as a control 
stimulus. Since “einen Warnhinweis” was produced without any pitch accent and hence 
without any pitch-accent cues, its devoiced derivative should yield less consistent 
intonation drawings that cover a wider range of forms than the drawings of the de-
voiced “eine Malerin” stimuli.  
     The performance of Experiment 2 was largely the same as in Experiment 1. The 
subjects received the same set of 12 training stimuli from the ‘Kiel Corpus of Read 
Speech’. The instruction was also that of Experiment 1. However, as Experiment 2 
included devoiced stimuli, subjects were additionally instructed to guess the intended 
intonation contour, if they were unable to discern any intonation in the whispered utter-
ances. Drawings were made on prepared answer sheets. Their layout was adopted from 
Experiment 1, with the exceptions of the orthographic representations of the stimulus 
utterances and the distances between the vertical lines that mark the accented-syllable 
boundaries. These distances were adjusted to reflect the proportional durations of the 
accented syllables in the stimuli. In the cases of “einen Warnhinweis”, the vertical lines 
were 20 mm apart. For “eine Malerin” the distance was 17 mm. Subjects played the 
training stimuli and the individually randomized test stimuli as often as necessary using 
desktop computers, and they listened to the stimuli over headphones. The subject-
specific randomizations were made in such a way that the four stimuli of the third sub-
set always occurred (in different orders) at the beginning of the test session. This re-
striction was to rule out subjects’ drawings of the devoiced stimuli being biased by 
combinations of peak shapes/alignments and underlying duration and intensity patterns 
in the other (voiced) stimuli. Finally, the group of subjects was not the same as in 
Experiment 1. The 25 stimuli of Experiment 2 were drawn by a different group of 21 
subjects (16 females, 5 males, aged between 19 and 33). They were undergraduate 
students of psychology and/or phonetics at the University of Kiel. None of the subjects 
had attended an intonation class prior to the experiment. All subjects reported normal 
hearing. 
     The intonation drawings of the first stimulus subset were analyzed primarily with 
respect to peak alignment relative to the given boundaries of the accented syllable. 
Additionally, the intonation peak scalings relative to the upper horizontal line of the 
intonation space as well as the lengths of the drawn rises and falls were also measured. 
All measurements were taken manually with a ruler in millimetres. Performing the 
experiment took the subjects 45-60 minutes which included instructions and training. 
 
3.2 Results of Experiment 2 
 
Experiment 2 generated a total of 21x25= 525 drawings; 252 of them were made for the 
first stimulus subset. Due to the same reasons as in Experiment 1, (only) about 5% (i.e. 
14) of these 252 drawings had to be excluded from the results. The excluded tokens 
were not related to specific subjects. The results of the remaining 238 drawings are 
summarized below. 
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     As can be seen in Figure 10, F0-peak shape clearly influenced the drawn alignments 
of the intonation peaks. However, this influence was not the same across the three 
physical F0-peak alignment conditions. For the F0 peak that showed the typical ‘early’ 
alignment 40ms before the accented vowel onset (cf. Fig.10a), the fast falling shapes 
(f/f) and (f/s) both yielded drawings in which the intonation peak reached its maximum 
before the onset of the accented syllable “Warn-“. As far as (f/f) is concerned, this 
finding is consistent with Experiment 1. In contrast, the F0 peaks with the slowly fall-
ing shapes (f/s) and (s/s) were, on average, drawn after the accented-syllable onset. The 
intonation peaks based on (s/s) occurred even later in the syllable than those based on 
(f/s). 
     As regards the typical ‘medial’ alignment condition, all F0 peaks except for that 
with the quickly-rising, slowly-falling (f/s) shape were drawn at similar mean distances 
after the accented-syllable onset (cf. Fig.10b). The (f/s)-shaped F0 peak was drawn 
much earlier, i.e. on average close to the accented syllable onset despite the same 
physical alignment 200 ms after the accented vowel onset. 
     For the F0 peaks with the typical ‘late’ alignment 120 ms after the accented-vowel 
offset, the results picture (cf. Fig.10c) is bipartite. At this physical alignment position, 
the two slowly rising F0 peaks (s/f) and (s/s) led, on average, to earlier aligned into-
nation-peak drawings (that fell in the accented syllable) than the two fast rising F0 





Figure 10. Means (bars) and standard deviations (vertical lines) for the intonation-
peak alignments drawn on the basis of the 3-alignment and 4-shape conditions of the 12 
F0 peaks in the first stimulus subset. The drawn alignments are given in mm in relation 
to the boundaries of the accented syllable “Warn-“ (thick black lines). For each bar the 
sample size varies between 19 and 21 tokens. 
 
     The descriptive analyses are in accordance with inferential statistics. That is to say, 
separate univariate ANOVAs with shape as four-level fixed factor and drawn alignment 
distances as dependent variable were run for the three F0-peak alignment conditions 
shown in panels (a)-(c) of Figure 10. In each ANOVA, the main effect of shape became 
highly significant (condition ‘early’: F[3,77]= 96.898, p<0.001, η²p= 0.791; condition 
‘medial’: F[3,75]= 42.148, p<0.001, η²p= 0.628; condition ‘late’: F[3,76]= 40.674, 
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p<0.001, η²p= 0.616). For the F0 peaks in (a) with the typical ‘early’ alignment, the 
overall significance is due to significant differences between all shapes but (f/f) vs. 
(s/f). In the case of the typical ‘medial’ alignment condition, the significant main effect 
is caused by the differences between (s/f) and all other three peak shapes. Finally, the 
significant main effect in the typical ‘late’ alignment condition is based on differences 
between the slowly-rising F0 peaks on the one hand and the quickly-rising F0 peaks on 
the other. All significant shape differences in the three alignment conditions ‘early’, 
‘medial’ and ‘late’ had a significance level of p<0.001 (including Bonferroni correc-
tions). Therefore, I refrained from reporting the results of the 12 pairwise comparisons 
between the four shape-factor levels in each ANOVA individually. 
    Three additional ANOVAs, analogous to those above but run with stimulus repeti-
tions instead of drawn alignment distances, showed no significant main effects. All 12 
stimuli of the first subset were played by the 21 subjects between 1-3 times (on average 
1.9 times). 
      As was stated in 3.1, the intonation peak drawings for the first stimulus subset were 
also analyzed with regard to range and shape measurements. The results for these 
supplementary measurements are briefly outlined as follows. For the drawn intonation 
peak ranges, the most important finding is that there are considerable differences be-
tween the F0 peaks with the quickly and the slowly-rising shapes. These differences 
vary with peak position. For those F0 peaks that were aligned within the vowel and 
after the vowel offset (i.e. for the typical ‘medial’ and ‘late’ alignments), the peak 
drawings reached higher in the intonation space when they were based on F0 peaks 
with fast rising shapes (mean distances between peak maximum and upper horizontal 
line of the intonation space: f/s and f/f= 2.6 and 3.1 mm vs. s/f and s/s= 3.8 and 4.1 
mm). The opposite holds for the F0 peaks with typical ‘early’ alignment before the 
vowel onset. At this alignment position, the intonation peaks drawn for the slowly 
rising F0 peaks reached higher in the intonation space (mean distances between peak 
maximum and upper horizontal line of the intonation space: f/s and f/f= 3.5 and 3.9 mm 
vs. s/f and s/s= 2.9 and 2.4 mm). As regards the shape measurements, there is no clear 
indication that the subjects were consistently able to reproduce the four different shapes 
in their intonation-peak drawings. However, there is a certain agreement between the 
physical overall duration of the F0 peak and the distance between rise onset and fall 
offset of the drawn intonation peak. Independently of the physical and drawn 
alignments, not only did the slowly rising-falling (s/s) peak have the longest physical 
overall duration, it was also drawn with the greatest distance (49 mm) between rise 
onset and fall offset. For the two F0 peaks with one steep slope, i.e. (f/s) and (s/f), the 
mean distances between the drawn rise onsets and fall offsets shrunk to 43 mm or 41 
mm. The shortest physical overall duration of the quickly rising-falling F0 peak (f/f) is 
reflected in the drawings in the shortest average distance between rise onset and fall 
offset of the intonation peak (35 mm). 
     Compared with the complex results picture of the first stimulus subset, the drawings 
received for the second stimulus subset can be summarized very quickly. Beforehand, it 
must be noted that about 9% (i.e. 17) of the 189 drawings were not included in the 
analysis for the same reasons as before. On this basis, Figure 11 shows how the re-
maining 172 intonation peaks were drawn relative to the accented-syllable boundaries 
of “Ma-“. In terms of the relation between physical F0 peak alignment and drawn 
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intonation peak alignment, the results agree qualitatively and quantitatively very well 
with those of Experiment 1. The F0 peaks with the characteristic ‘early’ alignments 
peaked in the drawings on average about 5 mm before the accented-syllable onset. The 
F0 peaks that had a typical ‘medial’ alignment in the last third of the accented vowel 
(i.e. 200 ms after the vowel onset) yielded intonation peaks that were drawn with the 
peak maximum inside the accented syllable, on average about 7 mm after the syllable-
onset boundary. Finally, the typical ‘late’ peaks, which were physically aligned 120 ms 
after the accented-vowel offset, occurred in the intonation drawings on average about 8 
mm after the accented-syllable offset. 
     However, above and beyond this correlation between physical and drawn peak 
alignment, Figure 11 shows no influences of the underlying duration and intensity 
patterns. Correspondingly, none of the three univariate ANOVAs that were performed 
with drawn alignment differences as dependent variable yielded a significant main 
effect of syllable duration and intensity (the three-level fixed factor). However, there 
was such an effect in analogous ANOVAs whose dependent variable was the number of 
stimulus repetitions (condition ‘early’: F[3,75]= 30.021, p<0.001, η²p= 0.546; condition 
‘medial’: F[3,75]= 25.394, p<0.001, η²p= 0.504; condition ‘late’: F[3,76]= 15.612, 
p<0.001, η²p= 0.381). The origin of this main effect is the same in each ANOVA. 
Those stimuli that violated the naturally produced combinations of F0-peak alignment 
and underlying duration and intensity patterns were listened to between 1.8 and 2.7 
times on average, whereas those stimuli that showed the natural prosodic patterns were 
only played on average between 1.3 and 2.1 times. In each of the three ANOVAs, these 
mean differences resulted in highly significant pairwise comparisons (p<0.001, Bon-
ferroni corrections included) between the corresponding levels of the duration and 




Figure 11. Means (bars) and standard deviations (vertical lines) of the intonation-peak 
alignments drawn on the basis of the 3 alignment and 3 duration and intensity (D+I) 
conditions of the 9 F0 peaks in the second stimulus subset. The drawn alignments are 
given in mm relative to the boundaries of the accented syllable “Ma-“ (thick black 
lines); n=19-21 for each bar. 
 
     As far as the forms of intonation drawings are concerned, the question behind the 
third devoiced stimulus subset is a more general one than that behind the other two 
22                                                     Oliver Niebuhr 
voiced subsets. As such, none of the drawings made for the four stimuli of the third 
subset had to be excluded. All 84 drawings were analyzed. The results of this analysis 
are given in Figures 12(a)-(b). Figure 12(a) shows in percentages how many of the 
devoiced stimuli the subjects drew using a rising-falling intonation peak (rather than a 
falling-rising intonation valley, a single rise or fall, a monotonous intonation, etc.). It is 
obvious from Figure 12(a) that the devoiced “eine Malerin” stimuli clearly 
outperformed the devoiced control stimulus “einen Warnhinweis” in this respect. Only 
19% of the subjects drew an intonation peak contour for “einen Warnhinweis”. In con-
trast, the devoiced “eine Malerin” stimuli, which still showed the specific duration and 
intensity patterns that co-occur with rising-falling peaks in natural productions, yielded 
more than twice as many peak drawings than “einen Warnhinweis”, i.e. between 43% 
for the typical duration and intensity pattern of the ‘medial’ pitch-accent category and 
57% for the typical duration and intensity pattern of the ‘late’ pitch-accent category. A 
univariate ANOVA, which was run with duration and intensity pattern (i.e. with the 
four stimuli) as the four-level fixed factor, resulted in a significant main effect 
(F[3,80]= 190.008, p<0.001, η²p= 0.877) that stemmed from the drawing differences 
between “einen Warnhinweis” and each of the “eine Malerin” stimuli (i.e. “eine 
Malerin”D+I(early,medial,late) vs. “einen Warnhinweis”: p<0.001). It is unlikely that these 
significant differences are due to pitch impressions caused by the different wordings of 
the utterances and their related filter functions (e.g., cf. intrinsic vowel pitch, Stoll 
1984). The F1-F2 formant patterns of “einen Warnhinweis” and “eine Malerin” (par-
ticularly those in and around the accented syllable) are too similar to cause substantially 




Figure 12. (a): Percentages of intonation-peak drawings for each of the four devoiced 
stimuli of the third subset (n=21); (b): based on (a), percentages of devoiced stimuli 
whose naturally produced duration and intensity patterns (D+I) triggered intonation 
peak drawings that reflect the typical F0-peak alignments of the ‘early’, ‘medial’ and 
‘late’ pitch accents. The thick line at 33% represents the chance level for the agreement 
of intonation-peak alignment and the duration and intensity pattern in the stimulus. 
 
     Based on the intonation peak drawings received for the devoiced “eine Malerin” 
stimuli, Figure 12(b) additionally illustrates that there is a certain correspondence be-
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tween the drawn peak alignments and the physical F0-peak alignments that typically 
co-occur with each of the duration and intensity patterns. Half of the intonation peaks 
triggered by the duration and intensity pattern of the ‘early’ pitch accent were aligned 
before the accented-syllable onset, whereas the majority of intonation peaks drawn in 
the ‘medial’ stimulus context were aligned within the syllable. The ‘late’ duration and 
intensity context in turn triggered many intonation peak drawings that were aligned 
after the accented-syllable offset. Since the peak maxima can be located in principle 
before, within and after the delimited segmental unit, the chance level for the 
correspondence between drawn and physical peak alignment is 33%. All three percent-
ages in Figure 12(b) clearly exceed this chance-level threshold. However, the absolute 
frequencies that underlie each percentage are too small to allow any inferential 
statistics. This must be done in follow-up studies with a larger sample of drawings. 
     Finally, it is noted that the 4 devoiced stimuli did not show clear differences with 
regard to the number of stimulus repetitions that preceded the drawings. However, for 
obvious reasons the devoiced stimuli were played by the subjects considerably more 
often (on average between 2.4 and 4.8 times) than the voiced ones of the other two 
subsets. 
 
3.3 Discussion of Experiment 2 
 
Some stimuli in Experiment 2 resembled those of Experiment 1 in terms of F0-peak 
alignment and shape. These stimuli replicated the results of Experiment 1. In this way, 
Experiment 2 again supports the reliability of the drawing task. In addition to this 
important contribution, the drawings of Experiment 2 provide an insight into the effects 
of peak shape and syllable duration and intensity on the key dimension of traditional 
intonation models: peak alignment. Even though it cannot be exactly determined how 
closely the drawings reflect the subjects’ actual perceptions of the utterance intonations, 
the following findings seem to be robust regarding the consistency across subjects and 
the agreement with previous experiments that used other tasks. 
     First, there is an interplay between shape and alignment in the perception of pitch-
accent F0 peaks. Part of this interplay is in accordance with the predictions of the TCoG 
concept of Barnes et al. (2010, 2011a). For example, for typical ‘medial’ and ‘late’ 
alignment positions fast rising-falling (f/f) F0 peaks were drawn with a later alignment 
than slowly rising, quickly-falling (s/f) peaks; and at the typical ‘early’ position fast 
rising-falling F0 peaks (f/f) were drawn before the accented-syllable onset, whereas fast 
rising, slowly falling F0 peaks (f/s) were drawn after the accented-syllable onset. How-
ever, a large number of drawings cannot be accounted for in terms of shape-induced 
TCoG shifts. Crucially, in its current form, the TCoG claims that the perceptual inter-
play of the acoustic F0-peak parameters shape and alignment is independent of the 
alignment position. It is obvious from Figure 10 that this is not the case. Moreover, the 
acoustic shape difference between the two symmetrical F0 peaks (f/f) and (s/s) should 
not cause any perceived alignment differences. This prediction is clearly inconsistent 
with the drawings made for the F0 peaks with typical ‘early’ and ‘late’ positions. In the 
‘early’ condition, the (s/s)-shaped peak was drawn with a later alignment than the (f/f)-
shaped peak. The opposite applied to the ‘late’ condition. 
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     It is worth pointing out that the drawn alignment differences between the differently 
shaped F0 peaks in each acoustic alignment condition agree very well with differences 
in pitch-accent identification that were found in the experiments of Niebuhr (2003, 
2007a,b) by means of the meaning-oriented matching task (cf. 2.1). The corresponding 
results are provided in Figures 13(a) and (b). The three different F0-peak alignments in 
the stimuli of the present study are most comparable to those of stimulus 4 in Figure 
13(a) (‘early’), stimulus 11 in Figure 13(a) (‘medial’) and stimulus 6 in Figure 13(b) 
(‘late’). The ‘matching’ percentages in Figure 13(a) can be translated into identifica-
tions of the ‘medial’ peaks-accent category. The corresponding ‘not-matching’ per-
centages refer to ‘early’ pitch-accent identifications. In Figure 13(b), ‘not matching’ 
means ‘medial’ pitch-accent identification, and ‘matching’ percentages must be inter-
preted in terms of the ‘late’ pitch-accent category.  
     In brief, what comparisons between Figures 10(a)-(c) and 13(a)-(b) show is that the 
peak drawings were able to replicate the findings of established judgments tasks not 
only in terms of alignment effects but also in terms of shape effects. Together with the 
observed correspondences between the drawn intonation-peak lengths and the physical 
overall durations of the F0 peaks in the first stimulus subset, the present findings 
corroborate that the drawing task is a suitable means of getting hold of the complex 
intonation perceptions that unfold over time in the listeners’ heads. 
 
 
Figure 13. Results of two indirect-identification tests based on alignment continua from 
‘early’ to ‘medial’ (a) and from ‘medial’ to ‘late’ (b), created on the basis of the four 
differently shaped F0 peaks that were also used in the second stimulus subset of 
Experiment 2 (cf. Fig.2). ‘Matching’ judgments indicate ‘medial’ pitch-accent 
identifications. The effect of shape on drawn intonation-peak alignment resembles that 
on indirect pitch-accent identification at comparable ‘early’ (stimulus 4, a), ‘medial’ 
(stimulus 13, a) and ‘late’ (stimulus 6, b) F0-peak positions. The Figure was adopted 
from Niebuhr (2007b). 
 
     Furthermore, it is a problem for the F0-based TCoG framework that Experiment 2 
found effects of the duration and intensity patterns in the triplet of pre-accented, 
accented, and post-accented syllable. Before they were able to draw the utterance 
intonation, subjects had to listen more often to those stimuli that contained mismatches 
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between the naturally co-occurring F0, duration and intensity patterns. In addition, sub-
jects drew intonation peaks almost exclusively for those devoiced stimuli whose dur-
ation and intensity patterns co-occur with F0 peaks in natural pitch-accent productions. 
There are even indications that the different duration and intensity patterns in the de-
voiced stimuli triggered intonation-peak alignments that reflect the typical acoustic 
alignments of the naturally co-occurring F0 peaks (maybe due to processes like per-
ceptual association or reconstruction).  
     Altogether, this is strong behavioral evidence for an intonational approach in which 
duration and intensity are an essential part of the representation of pitch-accent 
categories. The contrast theory outlined in Niebuhr (2007b) meets this requirement. The 
theory claims that pitch accents are bipartite constructions consisting of a pattern of 
tonal events and a pattern of perceptual prominences which are associated with these 
tonal events. While the tonal pattern distinguishes between different sets of pitch 
accents (like peak contours vs. valley contours vs. hat patterns), the perceptual prom-
inence pattern serves to differentiate the individual pitch accents within each set. For 
example, the ‘early’, ‘medial’ and ‘late’ pitch-accent categories are in simplified terms 
all represented by a tonal LHL pattern. The difference between the three accents is that 
‘medial’ requires that the H tone stands out equally against the two adjacent L tones 
(i.e. LHL), whereas the ‘early’ and ‘late’ accents are signalled via successively waxing 
(i.e. LHL) or waning (i.e. LHL) perceptual prominences across the three tonal events. The 
perceptual prominences are created by means of syntagmatic contrasts in F0, duration 
and intensity. In addition to the summed differences between the adjacent (contrasted) 
values in each parameter, the overall strength of the contrast (which correlates with the 
prominence level) is determined by the temporal distances between the adjacent para-
meter values. Closer distances yield stronger contrasts, like in visual perception. 
However, this distance effect – and the occurrence of regressive perceptual contrast 
enhancement – are the only reference to time and timing in the contrast theory. The 
pitch-accent representation itself is entirely perception-based and completely detached 
from time or timing issues. The latter are merely effective means of implementing the 
representation.     
     For example, the contrast theory regards the typical F0-peak alignments of the 
‘early’, ‘medial’ and ‘late’ pitch-accent categories as the most efficient strategy to 
create the required prominence patterns by making use of the inherent duration and 
intensity (i.e. prominence) differences in the underlying string of sound segments. In 
order to support the alignment strategy, the durations and intensities of sound segments 
can also be adjusted to different degrees which then leads to the natural co-occurrences 
of F0 peaks and specific syllable durations and intensities underneath the peaks. Effects 
of F0-peak shape are attributed to the strengthening or weakening of syntagmatic F0 
contrasts (and the corresponding perceptual contrast enhancements).  
     The bipartite representation of F0 peaks in terms of tone patterns and prominence 
patterns (the latter of which may also be viewed as pitch-accent specific micro rhythms) 
in the contrast theory can explain, why subjects were able to make systematic and 
sensibly shaped intonation drawings on the basis of the devoiced stimuli that only 
contained pitch-accent specific duration and intensity patterns. However, it must also be 
taken into account that Experiment 2 found no direct effect of syllable duration and 
intensity on the intonation-peak drawings. However, the lack of such findings need not 
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necessarily be incompatible with the outlined claims of the contrast theory. The contrast 
theory would predict that syllable duration and intensity have significant effects on 
pitch-accent perception for small alignment differences and/or less clear peak align-
ments only (in terms of the pitch-accent specific alignment windows of the KIM and 
the related perceptual boundaries, cf. Experiment 1), and this was confirmed by 
previous perception experiments (cf. Niebuhr 2007b). The three F0 peaks used in the 
second stimulus subset of Experiment 2 were characterized by both clear alignments 
and large alignment differences. Moreover, there is initial evidence that duration and 
intensity differences play a more important role in connection with variations in peak 
shape (cf. Niebuhr et al. 2011a). However, peak shape was not a separate variable in the 
second stimulus subset of Experiment 2.  
     In summary, particularly in terms of the effects of syllable duration and intensity 
Experiment 2 left a number of questions and experimental conditions unaddressed that 
are worth taking up in subsequent experiments perhaps also by using the drawing task. 
Experiment 3 is not meant to answer the questions raised by Experiment 2. However, it 
builds on Experiment 2 in that it goes another step further away from F0, the traditional 
acoustic correlate of intonation, which has been virtually the center of attention 
throughout the last 30 years. Experiment 3 investigates, to what extent sound segments, 
specifically variation in the spectral energy distribution of friction sounds, are an 
integral part of the intonation contours of utterances.  
4  Experiment 3: Drawing “segmental intonations” 
 
4.1 Method of Experiment 3 
 
Experiment 3 included three stimulus subsets with 12 stimuli each, i.e. a total of 36 
stimuli. The following 3 utterance pairs served as basis for the stimuli. 
• (1a) “mal wieder Fisch” (‘once again fish’) 
• (1b) “an meinem Tisch”   (‘at my table’) 
• (2a) “die Mama strickt”    (‘the mother knits’) 
• (2b) “die Wanduhr tickt”  (‘the wall clock ticks’) 
• (3a) “nur hundert Schuss”  (‘only hundred shots’) 
• (3b) “ein langer Kuss”    (‘a long kiss’) 
 
     Each of the 6 utterances above consists of 4 syllables, the last of which being a 
monosyllabic noun or verb. This utterance-final monosyllable contains a high and 
phonologically short vowel that is framed by a voiceless fricative and/or a voiceless 
post-aspirated plosive. Hence, the final nouns or verbs do no leave much room for the 
realization of nuclear F0 patterns, i.e. sequences of nuclear pitch accents and phrase-
final movements. It is known from previous studies that under these circumstances the 
F0 contour of the nuclear pitch accent is realized at the cost of the phrase-final 
movement, particularly if the latter is a final F0 fall (cf. the notion of ‘truncation’, 
Grabe 1998).  
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     More recently however, initial acoustic evidence has suggested that noise sounds at 
the ends of utterances compensate for the truncation of phrase-final F0 movements by 
varying the spectral-energy distribution of the noise (cf. 1.2). Plainly put, the main 
noise energies are shifted along the frequency spectrum so that the pitch impression of 
the noise continues the truncated F0 movement (cf. Fig.4). This phenomenon was 
called “segmental intonation” (cf. Niebuhr 2009). The three utterance pairs above all 
end in different types of noise sounds. In (1a) and (1b) the final sound is a postalveolar 
fricative //. Utterances (2a) and (2b) are concluded by post-aspirations after the voice-
less (and not separately released) plosives /kt/. The utterance pair (3a) and (3b) is char-
acterized by utterance-final alveolar sibilants /s/.  
     Moreover, there are additional indications that the acoustic continuation of F0 move-
ments by “segmental intonations” is not restricted to the ends of utterances. Rather, it 
seems that the spectral-energy distributions of voiceless noise sounds also reflect the 
adjacent F0 level when the noise sounds interrupt the F0 contours of nuclear pitch-
accents (cf. 1.2). Such interruptions also occur in the 6 utterances (1a)-(3b). The F0 
interrupters and potential bearers of further “segmental intonations” are the obstruents 
at the beginnings of the nouns and verbs, i.e. the voiceless fricatives /f/ (1a), /s/ (2a) and 
// (3a) or the post-aspirations after the voiceless plosives /t/ (1b, 2b) and /k/ (3b).  
     
 
Figure 14. Oscillogram (top), spectrogram (middle) and F0 contour (bottom) of the 
utterance “nur hundert Schuss” (‘only hundred shots’), produced naturally by DT as a 
statement (a) and as a question (B). The question and statement productions exhibit 
clear differences in the final word “Schuss” with respect to the nuclear F0 pattern and 
its noise frame, which is constituted by the sibilant pair [] and [s].  
 
     The 6 utterances were produced in two different modalities by a trained female 
speaker, DT, once as statements with phrase-final falling movements after ‘medial’ 
nuclear pitch accents on the final word, and once as questions with phrase-final rising 
movements after ‘late’ nuclear pitch accents on the final word (the ‘late’ accent merged 
with the phrase-final movement into a continuous rise). In both statement and question 
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productions, the penultimate word was realized with a high prenuclear pitch-accent on 
the initial, lexically stressed syllable. As expected, the phrase-final F0 falls in the 
statements were almost completely truncated by the voiceless obstruents at the ends of 
the utterances. Additionally, unlike that claimed by Grabe (1998), the final voiceless 
obstruents may have also truncated parts of the phrase-final rises in DT’s productions 
(compared with F0 targets of DT’s final rises in other continuously voiced utterances). 
An example of the question-statement pairs is provided in Figures 14(a)-(b). The two 
panels, (a) and (b), depict productions of utterance (3a), i.e. “nur hundert Schuss”. The 
truncated F0 fall in the statement production (Fig.14a) is clearly visible. Likewse, it can 
clearly be seen that the sibilant frame of the final noun “Schuss” differs between the 
statement and question productions. The noun-initial [] shows more noise energy at 
lower frequencies in the F0-valley context of the question than in the F0-peak context 
of the statement. The opposite is true for the utterance-final sibilant [s]. Its main energy 
is located at higher frequencies after the F0 rise in the question than after the truncated 
F0 fall in the statement. 
     Random selections of voiceless obstruents that were produced in the nuclear-accent 
and also in the phrase-final F0 contexts of the statement and question utterances were 
comparatively analyzed with regard to their auditory and spectral characteristics. The 
analyses of these sub-samples supported the general impression that DT produced clear 
“segmental intonation” differences for all types of noise sounds. As such, in the nuclear 
pitch-accent context the noise sounds were “higher” when they occurred next the F0 
peaks of the ‘medial’ accents than when they occurred next to the F0 valleys of the 
‘late’ accents. Similarly, the noise sounds were “higher” when they occurred after the 
(presumably weakly truncated) phrase-final F0 rises than when they occurred after the 
clearly truncated phrase-final F0 falls. In the latter context, spectral analyses even point 
to a continuation of the falling movement throughout the noise sound in the sense that 
the main noise energies fell to lower frequencies across the noise sound. This 
successive descent created the impression of a falling pitch movement. 
     The speaker DT produced all question and statement utterances a number of times. 
The utterances that were finally selected from these sets of repetitions had to meet two 
criteria. First, they had to show clear nuclear F0 and “segmental intonation” patterns. 
Second, except for the clear nuclear intonational differences, statement and question 
utterances had to be as similar as possible with regard to the intonation of the pre-
nuclear section as well as with regard to the global prosodic characteristics of the utter-
ances. This second criterion was to address the fact that morphosyntactically unmarked 
questions in German do not only differ in the nuclear intonation pattern but also in 
prenuclear F0 shapes and levels as well as in global speaking-rate and voice-quality 
characteristics (cf. Brinckmann and Benzmüller 1999; Petrone and Niebuhr 2009; 
Niebuhr et al. 2010). Such potentially confounding factors were to be avoided in the 
present experiment.  
     Guided by the two criteria 2x6= 12 utterances were selected from the productions of 
DT. Together, they constituted the 12 naturally produced stimuli of the first subset. 
     The second stimulus subset was derived from the first subset by applying the same 
devoicing procedure as in Experiment 2 to the 12 naturally produced utterances. This 
resulted in 12 stimuli for the second subset. The stimuli of the second subset only 
differed from those of the first subset in the absence of F0. Spectral characteristics, 
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including the “segmental intonations” in the utterance-final nouns and verbs, were 
preserved in the 12 devoiced stimuli of the second subset. 
     The third stimulus subset was derived from the first subset, too. Correspondingly, it 
was also constituted by 12 stimuli. These stimuli were created by exchanging in a 
cross-splicing procedure the noise frames of the monosyllabic target words at the ends 
of the question and statement productions of each utterance. For example, in the case of 
(1a), /f/ and // of “Tisch” were taken from the statement production of “mal wieder 
Fisch” and replaced the corresponding noise sounds in the question production of “mal 
wieder Fisch”. Conversely, /f/ and // of the question utterance replaced the correspond-
ing original sounds in the statement utterance. Analogous crosswise exchanges were 
performed (by means of PRAAT) for the questions and statement productions of all 
other 5 utterances (1b)-(3b). 
     Experiment 3 was performed in analogy to Experiment 2. This included that the 
intonations of all devoiced stimuli had to be drawn first. Consequently, the 12 de-
voiced and the 24 naturally produced or cross-spliced stimuli were randomized in 
separate blocks for each subject. The 21 subjects were the same as in Experiment 2, i.e. 
16 females and 5 males. However, Experiment 3 was conducted more than a month 
after Experiment 2. Thus the drawings of Experiment 3 were unlikely to be biased by 
learning effects from Experiment 2. Since learning effects were not expected, the 
drawing task was again practised on the basis of the set of 12 short utterances from the 
‘Kiel Corpus of Read Speech’. The only difference between Experiments 2 and 3 con-
cerned the adaptation of the answer sheets of Experiment 3 to the new stimulus word-
ings. This adaptation required that subject-specific answer sheets had to be prepared, 
since the wordings varied across the stimuli and this variation was different for each 
subject due to the individual stimulus randomizations. Since alignment differences be-
tween the intonation drawings did not play a role in Experiment 3, there was no need 
for the answer sheets to show the vertical lines that highlighted and delimited the 
boundaries of the pitch-accented target syllable in the intonation space. Thus the 
vertical lines were removed from the answer sheets of Experiment 3. The performance 
of Experiment 3 took between 60-70 minutes which included oral instructions and 
training. 
     For the 24 naturally produced or cross-spliced stimuli, the drawings of Experiment 3 
were analyzed with respect to lengths of the drawn utterance-final rises and falls. 
Measurements were made in millimetres by means of a ruler. The number of the 
drawings in the question and statement conditions showing final rises or falls for the 
devoiced stimuli was counted. Moreover, for all three subsets it was recorded and 
analyzed how often the subjects listened to the individual stimuli. 
 
4.2 Results of Experiment 3 
 
In principle, the data analyses of Experiment 3 would have required excluding cases 
with flat intonation contours as well as those cases in which final F0 rises were drawn 
as intonation falls. However, such cases did not occur. Therefore, the following results 
summary covers all 36x21= 756 drawings. Figure 15(a) shows for two thirds of these 
drawings, i.e. for the first and the third stimulus set, the mean lengths of the drawn 
phrase-final rising and falling intonation movements pooled across the 6 different 
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question or statement utterances (a preceding descriptive analysis based on sub-samples 
of the drawings suggested that the factor ‘utterance’ can be neglected).  
     In the statement condition, there is a clear difference between the falling intonations 
that were drawn on the basis of the first and the third stimulus set. For the statement 
stimuli of the first set, in which the nuclear F0 pattern including the truncated phrase-
final F0 fall was framed by the original noise sounds, the subjects’ drawings ended in a 
very long fall. In the majority of cases, the drawn falls even reached into the lower 
boundary of the intonation space. In contrast, for the statement stimuli of the third set, 
which contained the noise sounds from the opposite nuclear F0 contexts of the 
questions, the subjects ordinarily drew only very short final intonation falls. They were 
less than half as long as those of the first stimulus set. In fact, a major reason for the 
small mean value is that many subjects did not draw a final fall at all for the statement 
stimuli of the third subset, i.e. the fall length was 0 mm. Correspondingly, a t test 
comparing the lengths of the final falls drawn for the first and third stimulus subsets 
showed that this difference is highly significant (t[125]=-15.913, p<0.001, paired 
samples, two-tailed). 
     In the question condition, the difference between the mean intonation rises that re-
sulted from the first and the third stimulus subsets is not as large as that of the statement 
condition. Yet this smaller difference is also statistically significant (t[125]= -6.085, 
p<0.001, paired samples, two-tailed). The final rises were longer when they were 
framed by the original noise sounds in the stimuli of the first subset than when they 





Figure 15. (a): Mean rise and fall lengths (in mm) of the phrase-final intonation 
movements drawn for the stimuli of the first, original subset (back) and the third, cross-
spliced subset (gray) in the question and statement conditions. (b): Mean number of 
stimulus repetitions needed by the subjects in order to draw the intonation contours for 
the stimuli of the first, original subset (back) and the third, cross-spliced subset (gray) 
in the question and statement conditions. (n=126 for each bar). 
 
     Supplementary to this cross-splicing effect on the intonation drawings, Figure 15(b) 
shows, how often the statement and question stimuli were played on average by the 
subjects before they drew the utterance intonations. As can be seen, the differences are 
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twofold. First, statements were played more often than questions (which could be due 
to the fact that listeners are more sensitive to rising than to falling intonations, cf. ‘t 
Hart et al. 1990). Second, the stimuli of the third subset with the cross-spliced noise 
sounds were played more often than the naturally produced stimuli of the first subset. 
This suggests that it was more difficult for the subjects to process, retain or perceive the 
intonation contours in the cross-spliced stimuli which implies that subjects can detect 
matches and mismatches between the spectral energy distributions of noise sounds and 
the F0 context. Again, the relevance of the two descriptive observations was checked 
on the basis of t tests (paired samples, two-tailed), and both differences turned out to be 
significant (statement vs. question: t[251]= 12.304, p<0.001; original vs. cross-spliced 
stimuli: t[251]= 14.552, p<0.001, two-tailed). 
     Figure 16 summarizes the results for the devoiced stimuli of the second subset. 
Shown are the percentages of drawings that ended in final rises for the question stimuli 
and in final falls for the statement stimuli. As each drawing ended in either a final rise 
or a final fall (drawings with level endings were excluded a priori), the probability for a 
randomly drawn phrase-final movement is 50%. It can clearly be seen in Figure 16 that 
both percentages are well above this chance level. Based on the individual percentages 
of the 21 subjects χ² tests showed that the distribution of drawn rises and falls differs 
significantly from a uniform distribution in both the question and the statement 
conditions (question: χ²[20]=48.191, p<0.001; statement: χ²[20]=40.336, p<0,01). As 
such, it seems that subjects were able to recover the original phrase-final intonation 
movements (or they identified the sentence mode, or both) to a certain extent, even 




Figure 16. Correspondence (in %) between the direction of the drawn phrase-final 
intonation movements and the direction of the original F0 movements that were 
removed by means of devoicing in the statement stimuli (= falls) and in the question 
stimuli (= rises). Chance level is 50%. Each bar represents 126 drawings.  
 
 
4.3 Discussion of Experiment 3 
 
The results of Experiments 1-2 were compared with those of previous experiments that 
were based on other behavioral tasks. The similarities between the results patterns that 
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were revealed by these comparisons supported the assumption that intonation drawings 
are close (though surely not perfect) representations of the perceived intonation con-
tours in the listeners’ heads. Supposing that this is also true for Experiment 3, the draw-
ing differences between the first and third subsets show the following. The perceived 
ranges of the rising and particularly of the falling phrase-final intonation movements 
were greater in the original noise frame contexts than in the cross-spliced noise frame 
contexts.  
     In light of previous findings, it can be assumed that this effect originates from 
perceptual extensions of the phrase-final F0 movements, triggered by the spectral-
energy distributions in the noise frames of the original stimuli. The main noise fre-
quencies in these frames varied in parallel to the F0 context so that the widely truncated 
F0 falls in the original statement utterances were framed by noises that sounded 
impressionistically “high-pitched” before the onset of the F0 fall, and “low-pitched” or 
even “low-falling” after the truncated offset of the F0 fall. The opposite was true for the 
original question utterances. Here the low onset of the F0 rise was preceded by a “low-
pitched” noise sound, and the (presumably weakly truncated) rise offset segued from a 
high F0 value into a “high-pitched” noise sound. Against this backdrop, it is reasonable 
to conclude that the greater intonation ranges that are mirrored in the drawings of the 
original stimuli of the first subset are based on a perceptual integration of noise-based 
pitch components and F0-based pitch components. This integration led to a perceptual 
compensation or restoration of the truncated F0 movements. 
     Alternatively, it is in principle also possible that the length differences that occurred 
between the final intonation movements of the stimuli from the first and third subsets in 
the statement and question conditions are due to a perceptual compression effect. That 
is, the cross-spliced noise frames whose pitch impressions mismatched with those 
created by the F0 context could have made the phrase-final intonation movements 
appear shorter than they actually are. It cannot be ruled out that such an effect is also 
part of the explanation. However, the fact that the subjects had to play the cross-spliced 
stimuli of the third subset significantly more often than the original stimuli of the first 
subset is at odds with a perceptual-compression effect. The higher repetition rate for the 
cross-spliced stimuli of the third subset indicates that the subjects encountered 
problems when drawing the intonation contours. If there was an existing compression 
mechanism that spontaneously integrated (e.g., merged or adjusted) the mismatching 
pitch information of the F0 and noise components, perceptual problems would not have 
occurred. The fact that they occurred rather suggests that the subjects separated the 
pitch information of the F0 and noise components during the stimulus repetitions and 
concentrated on F0 (which is still the major correlate of intonation).  
     In the absence of F0, i.e. in the cases of the devoiced question and statement stimuli 
of the second subset, the results of Experiment 3 provided initial evidence that listeners 
can use the stepped rising or falling pitch impressions created by the utterance-final 
noise frames in order to draw the phrase-final movements. The “hit ratios”, i.e. the 
relative agreements between devoiced statements and drawn falls as well as between 
devoiced questions and drawn rises are both well above chance level. The “hit ratio” is 
even slightly better for statements than for questions, which may be due to the known 
statement bias (cf. Pandelaere and Dewitte 2006) and the fact that falling phrase-final 
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intonations occur more frequently in speech communication than rising phrase-final 
intonations (cf. Peters et al. 2005; Niebuhr et al. 2010).  
     But even though the different noise frames are an obvious direct trigger for the 
systematic drawing of phrase-final rises and falls in the devoiced questions and state-
ments, it cannot be completely excluded that there were other acoustic cues that 
allowed listeners to identify the sentence mode of the stimuli, which then indirectly  
triggered the drawing of the stereotypical phrase-final intonation (note that there is a 
clear correlation, but no strict link between the sentence mode and the direction of the 
phrase-final movement, cf. 1.2). In order to rule out this possibility, it would have been 
necessary to also include devoiced versions of the cross-spliced stimuli in the experim-
ent. However, with these 12 additional stimuli Experiment 3 would have become too 
long and too demanding for the subjects. For the purpose of this pilot study, it ought to 
be sufficient to note that the experimenter was unable to clearly identify the sentence 
mode of the devoiced stimuli (when they were played without the noise frames of the 
nuclear-accent section); and the utterances of DT were carefully selected in order to 
avoid clear sentence mode cues (except for those of the phrase-final movements and the 
surrounding noise sounds). It may also be interesting to note that there were no obvious 
differences between the lengths of the rises and falls that were drawn for the devoiced 
questions and statements. In this respect, the drawings of the second subset differ from 
those of the original (voiced) stimuli of the first subset, which again raises many new 
questions as to the interplay of F0-based and segment-based pitch components in the 
perception of intonation contours. 
     In summary, the questions as to which ways and under which conditions the pitch 
impressions of sound segments contribute to perceived intonation contours are far from 
being settled. The preceding discussion only showed, how intriguing and important 
follow-up studies in the field of “segmental intonations” will be. Experiment 3 paved 
the way for research in this field by providing further evidence that listeners hear the 
variation in noise sounds, that they can detect matches and mismatches between noise 
sounds and the F0 context, and that they can interpret the noise sounds in terms of the 
intonation contours of utterances. The latter is the most important finding as it indicates 
that “segmental intonations” are not an epiphenomenon of the speech-production con-
ditions that are created by the F0 context. Rather, “segmental intonations” are likely a 
phenomenon in their own right that arises from the deliberate adjustment of pitch im-
pressions caused by the segmental string to pitch patterns triggered by F0. One of the 
obvious aims of “segmental intonations” must be to fill gaps in the F0 course that are 
torn by voiceless segments so that the intonation contour becomes “subjectively 
continuous” (Jones 1909:275). This aim was demonstrated most clearly in Experiment 
3 on the basis of the perceptual extension of truncated phrase-final F0 falls. In fact, 
together with the evidence from previous acoustic studies, Experiment 3 corroborated 
that Grabe’s (1998) notion of truncation in German is adequate neither in the acoustic 
nor in the perceptual domain. In this connection, it must finally be brought up that 
Barnes et al. (2011b) recently claimed with reference to perception experiments that 
listeners do not fill, but simply ignore gaps in the F0 course. This claim was based on 
stimuli that contained silent intervals of unaspirated (nasally released) [t] plosives in 
utterance-medial position. Not least due to the fact that these acoustic and distributional 
conditions differ strongly from those of the present Experiment 3, the claim of Barnes 
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et al. is not incompatible with the above evidence for a continuation of interrupted or 
truncated F0 sections in the perceived intonation contour. For example, it is conceivable 
that F0 gaps are ignored when the segments that tore the gaps are unable to convey any 
“segmental intonation”. But then again, maybe F0 gaps are only filled in pitch per-
ception when they occur in nuclear patterns at the ends of utterances, and/or when the 
F0 sections on both sides of the voiceless gap are identified by listeners as parts of the 
same intonational “object”. In fact, questions like these can be used as pointers for 
follow-up studies on “segmental intonations”. 
5  Conclusions and Outlook 
Across all three experiments of the present paper the drawing task proved to be an 
attractive alternative and a useful complement to other well-established methods for 
investigating how speakers shape and how listeners perceive intonation contours and 
the meanings coded therein. The statement of Fox (1984:13) was corroborated that 
“with a little practice, even without particular musical gifts, it is possible for most 
people to hear the pitch pattern of utterances and to write it down”.  
     With respect to the questions (1) and (2a-c) raised in 1.3, the results of the drawing 
task supported that ‘early’ vs. ‘medial’ and ‘medial’ vs. ‘late’ are both phonological 
contrasts of equal rank in German intonation. Specifically, the intonation drawings 
reproduced earlier findings where the alignment-based codings of the ‘early’, ‘medial’ 
and ‘late’ pitch accents make use of abrupt perceptual changes that occur when the F0-
peak movements coincide with the waxing and waning intensity transitions at the 
accented-vowel boundaries which underlines the role of the accented vowel as the 
pivotal point for pitch-accent timing. In this context, the intonation drawings further 
showed that variation in the shape of the pitch-accent peak cannot be consistently 
translated into alignment changes, contraty to what was claimed by the TCoG concept 
of Barnes et al. (2010, 2011a). First, the shape effects differ between the typical 
alignment positions of the three pitch-accent categories; and second, shape effects were 
also found between peaks that were similarly shaped in terms of their symmetry but 
differed in the durations of the rising and falling F0 movements. Moreover, even 
though pitch-accents are traditionally regarded as “intonational units”, they are not 
strictly intonational in the sense that their signaling goes beyond F0. Signaling pitch 
accents includes at least the duration and intensity patterns that underlie the F0 peak in 
the triplet of pre-accented, accented, and post-accented syllables. The pitch-accent 
specific duration and intensity patterns did not directly interact with F0 in the drawing 
task but they did affect the subjects’ confidence in their drawing performances (in terms 
of the stimulus repetition rate), and they did also allow the subjects to recover the 
corresponding intonation contours of the three pitch accents in devoiced stimuli. 
     Overall, these findings argue in favour of a model in which the pitch accents are de-
tached from F0-oriented timing patterns in the acoustic domain and are instead re-
presented as multiparametric pitch and prominence patterns in the perceptual domain. 
Such a model is included in the contrast theory for the perception of speech melody, 
developed by Niebuhr (2007b). 
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     As regards questions (3a-b), the drawing task demonstrated on the basis of noise 
sounds at the edges of nuclear intonation patterns (i.e. pitch accents and phrase-final 
movements) that “segmental intonations” play an important role in German. They sup-
port the perception of intonation movements, and they fill gaps that voiceless segments 
tore into the F0 course. In particular, the intonation drawings showed that truncated 
phrase-final F0 falls are perceptually continued in the context of proper “segmental in-
tonations”. This means that the truncation concept of Grabe (1998) and its implications 
for distinguishing phrase-final intonation contrasts in German hold neither in the 
acoustic nor in the perceptual domain. The drawing task also indicated that changes in 
the “segmental intonation” at the ends of utterances help listeners to recover the 
direction of the phrase-final intonation movement in devoiced stimuli. 
     In summary, the drawing task was able to support previous findings and to shed new 
light on the complex relations of acoustic forms and perceived intonation contours. On 
this basis, the performed experiments made a small step towards advancing our 
understanding of the distinction and phonological representation of pitch-accents and 
phrase-final intonation movements in German. However, many questions were raised or 
still remain open. They concern, among others, the interplay of peak shape with syllable 
duration and intensity, and the potentially context-dependent origins and roles of 
“segmental intonations”. For instance, do “segmental intonations” merely fill F0 gaps, 
which would presuppose that “segmental intonations” are restricted to voiceless noise 
segments? Or are “segmental intonations” a more general phenomenon in the sense that 
they concern more sound classes whose spectral and durational variation is directly 
involved in the coding of intonational meanings without the intermediate step of cre-
ating/supporting a particular pitch impression? The findings of Niebuhr (2008) and 
Kohler (2011) suggest such a more general understanding of “segmental intonations”.  
     Follow-up studies must address these and other related questions, and an increased 
reliance on intonation drawings may help to find some of the answers. To this end, it 
should also be examined whether the drawing task itself can be improved. For example, 
it could be tested whether greater or smaller distances between the upper and lower 
boundaries of the intonation space, and whether additional intonational reference lines 
and/or further temporal landmarks (i.e. vertical lines) of morphosyntactic units will 
facilitate the accuracy of intonation drawings (cf. the early “Intonation Curves” of 
Jones 1909). British scholars have developed a number of different drawing frame-
works but their performances have yet to be either compared or refined. It is beyond 
doubt that we currently know much more about intonational forms, structures and 
meanings than 100 years ago when the first intonational drawings were made by the 
founders of the British School of phonetics.  What we discovered in most cases was that 
the relationships between the production and perception of intonational forms, struc-
tures and meanings were much more complex than had been expected. So, ironically, it 
is due to the enormous growth of knowledge that it is now worth looking back and 
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